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The theoretical average wave- velocity(Vw) can be computed by trial 
and error from the equations 

(Y-D); therefore, 

weir section. Flow in the 



mean effective head on the weir. Frazer [6] says,. "Sin 

the weir. For 
ould be calcu- 

Heff =.mean effective head = 

for the conditions of rapid flow 





A =reciprocal of Froude number ofinitial flow, 
C* = ratio of height of weir crest above channel f l c~  

THE EXPERIMENTAL INVESTIGATION 

ntal Apparatus 



mounted in  a U-shaped frame made from 114-inch-diameter 
(6. 35 mm) stainless steel rod. The wires were held in the 
frames by small plastic insulators. The lower end of the 
wire was carefully sealed in  the insulators to  prevent elec- 
trical shorting by the water. Each frame was,,attached to  a 
modified point gage staff i n  a rack and pinion device with a 
vernier reading to  0.001 foot (0.30 mm). Each probt:<was 
connected to  .one channel of a commercial six-channel direct- ,, 

writing oscillograph. I '  

The locations of the probes are shown on Figure 5. Fig- 
ure  6 is a photograph of the test channel and model 
instrumentation. 

"The wave height is indicated by the change in capacitance 
as the immersion of the sensor wire is changed. The plas- 
ticized enamel coating acts a s  the dielectric of the capaci- 

"Some difficulty was experienced in calibrating the probes 
and in maintaining this calibration over a reasonable per- 
iod of time. Accurate data were assured by making a 
separate calibration for each test run, except i n  one o r  two 
cases when two runs at  the same depth were made in quick 
succession. Calibration was accomplished by' raising and 
lowering the probes knowc:ditjtances i n  a stable pool of 
water. Prewetting the wire by lowering the probe more than 
the required amount, waiting for several seconds, then rais- 
ing the probe to the correct position, partially suppressed 
the nonlinearity caused by wetting. Fifteen to  thirty minutes 
were required 'for the instrumentation to reach a stable con-, 
dition. The probe was then raised in increments to the ini- 
tial zero position to check the linearity. It was also necessary 
to carefully -insulate the impedance-bridge circuit:of each 

: probe because of zero datum drift caused by room tempera- 
t u r e  variations. 



evaluate the surface tension effect in thepresent studies; 
however, :the cited reference indicates that errors due to .. 

.: this effect are not appreciable. " . 
- .  

and 0.320 foot (10. 15 and 9. 75 cm). 



weir length will discharge more water over the side weir and the re- 
sultant reduction of surge height wil l  reduce the surge velocity. 

Effect of initial flow conditions on the surge attenuation efficiency of 
the side weir. --Figure 9 shows that the efficiency of surge attenua- 
tion by a side weir directly depends on the initial flow conditions. The 
main factor affecting the surge attenuation is the discharge capacity 
of the side weir. The magnitude of this discharge is governed by the 
following initial flow factors: (1) The wave velocity controls the angle 
which the resultant velocity (vector sum of the wave velocity vector and 
the weir discharge velocity vector) makes with the side weir; in case 
of a high wave velocity (or low Froude number) the angle will be small 
and will provide less  discharge capacity. This leads to a lower effi- 
ciency of surge attenuation. On the other hand, with low wave velocity 
(high Fo) the resultant velocity makes a greater angle with the weir 
and gives more discharge over the weir. (2) The mean effectivehead 
on the weir crest controls the magnitude of the discharge over the side 
weir. A relatively large mean effective head resulting from a surge 
initiated from a high Froude number will be attenuated more than one 
resulting from flow at  a low Froude number. 

Effects of the Froude number and the weir lendh on maximum and 
average surge heights at upstream end of the weir. --Figure 13 com- 
m r e s  the exoerimental results for the relationships among Froude 
;umber, makmum and average surge heights a t  upstream-end of the 
weir, and weir length. It should again be mentioned a t  this point that 
the recorded surge wave was of undular form, consisting of the initial 
wave followed by a ser ies  of secondary oscillations. In this study, the 
largest of the series usually was the leading peak. Consequently, the 
height of the f irst  oscillation peak is considered a s  the maximum surge 
height throughout this report. The plots of the experimental data in 
Figure 10 show that in general, the maximum surge heights differ 
from the average surge heights only for Froude numbers greater than 
about 0.10. Based on these curves, i t  can be concluded that either 
the maximum o r  average surge height can be used in determining the 
amount of attenuation of surge waves by a side weir; assuming a 
trapezoidal channel with relative size and shape used in this study 
and a Froude number l ess  than 0.10. 

Figure 11 illustrates the experimental relationships between the weir 
length and the ratio of maximum and average surge depths a t  the up- 
stream and downstream ends of the weir. The scatter in the data 
points is likely due to e r r o r s  in determining the average surge heights 
from the oscillograph, especially at  the upstream end of the weir 
where ;*he wave form is unstable. Also included in  the plot is a limit- 

which denotes no 



&eloped for rectangular channels, is also applicableto trapezoidal 
channels with the same relative shape as that used in  the present 
study and with relatively small stable surge waves (kvg]Y0 l e s s  than 
0.20). The agreement between Citrini's theory and the experimental 
data is quite good. Through comparison of both theoretical curves, 
i t  appears that within a limit of L/W = 10 Citrini's equation shows a 
maximum deviation in surge height attenuation up to  about 20 percent 
from that derived from the equation which was developed through the 
use of the discharge balance. 

is no appreciable difference between the attenuations predicted by the 
discharge balance equation using either the theoretical average surge 
velocity o r  experimental average surge velocity. 

Effect of using different weir discharge coefficients to  solve Citrini's 
equation. --Figure 13 demonstrates that a difference in  weir discharge 
coefficients causes o,dy a slight change in  the attenuation prediction. 
Therefore, for  preliininary design purposes, the weir  discharge co- 
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NOTE: Backflow tanks werc not used in this study. 

ATTENUATION OF SURGE WAVES BY A 
SIDE WEIR IN A TRAPEZOIDAL CHANNEL 

Control Device at Downstream End 
of Test  Channel 





A .  Wave probe and recorder 
B.  Capacitance wave probe 

C. Passage of surge wave along weir 





















ag&wave"~elocity (VW), a 3  the average surge height at 
am end of the side weir (HI) were obtained from the solutions 















PROGRAM NO. 2 : I 
Electronic Digital Computer Program to Solve Citrini 's -Eauation for  -- 

Attenuation of a Rejection Surge by a m e  Weir f rom (King:[SB 

PROGRAM DESCRIPTION 

The program was developed to  solve an equation derived by Citrini, [4] 
for  the attenuation of an open channel surge by a side weir. The 
lengthy equation is presented in the Theoretical Considerations Sec- 
tion of this report and will not be repeated here. The program was 
written in the FORTRAN IV laneusee and can be used on most elec- - - 
tronic computers. No special operating procedures a r e  required. 

Solution of the equation was accomplished by the bisection method. The 
required result was the surge height following attenuation by the side 
weir  (or lateral  spillway). Dimensionless forms, YI and YF, were used 
in the computations. YI was the ratio of the surge depth (Y2) to the 
normal water depth (Y l )  before attenuation by the weir, and YF was the 
corresponding ratio after attenuation by the weir. In the bisection 
method, upper and lower limits a r e  chosen which a r e  expected to bracket 
the correct  solution. In this case, the upper limit (YF1) was the ratio 
of the surge depth before attenuation to the normal channel water depth 
(YI) and the lower limit (YF2) was assigned the value 1.0,  which cor-  
responds to  complete destruction of the surge wave by the side weir. 
The t r i a l  value of YF is taken at the midpoint between the limits and 
substituted in the eouation, which appears in the form of a function 
statement (RESID). The correct  solution i s  reached when the value of 
the function is equal t o  zero o r  is within an srbitrari ly chosen limit on 
ei ther side of zero. In this case, the absolute va1u.e of the function 
required for  a correct solution was 0.00001. In the bisection method, 
the limits a r e  adjusted and iterations continue until the solution i s  
obtained. F o r  each iteration, the t r i a l  value of YF is taken at the mid- 
point between the upper and lower limits. If the corresponding value of 
RESID is negative, the lower limit is assigned the t r i a l  value of YF and 
the upper limit remains the same. Then a new t r ia l  YF is obtained 
at the midpoint between the new limits. The procedure is repeated and 
the r m g e  between limits becomes smaller ,  until the correct  sdution 
is obtained o r  until 20 iterations (sufficient for the Sata used) had been 
a.ccomplished. An e r r o r  check was included, in case the method did 
not converge to the correct solution. 






















